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:.. 17~"""Uc "1d_ or ""tl~w "el>1... i'J
I. to.d e.l1 an' S,.el.en Hol'.r 4Z
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• pulrhd htlS". lit., or In tho cu. or ••rutn _tole,
tbe 901". or the tlU,,," 11c.1~; I.. ~ ,da to 0 .. ~h••l•• po
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It !Uah do not CIUII follu dip 111>11 IPPllr Ind
10c 1 In nwo~r II tl><o tilt i","1 aD but til.l rotl or
IPPlI na. ot nl_ dip Un.. 61c blCIUIi ot It... lo
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ob.......bh 10 "11:1 • ..,..Uh .n... onl, I tl. 0101... I., U..
......... or 0101.. Inc ........ tbo .;noM or dh'crtto.. OM n ••
.......tHor or "."'&0<1 u""hh din I"" ....... (11.
Tl>e nou,,,. r.ll.. ,.. .. eppl.:.ol1. to _uh Ull t.. ._
.rIud .. toU.... ,
1. Sill' OCt".... tho ......It to.lnc 0...10 bo~.nl~
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2. Tl>e rlulPt 0"'01< Ua..U, It. do U,
1>001"" pOdtle..." o' ..... .....r••• ....tel>, I>1d:.
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ti, hl 10 ...d....d 00 ...ch that U........ ,nlne:
""rtlOn tun or b.-..h ••• , o"dJ.nl,: thill,
laUI". tul """111, uMHoo too 00.... , tho
bran" ton. d to the ....1 hUcuo ootton, Ind
tho f1b""uo 10no IInlns tho ..... p""....ou .. a
hlh>... undar .UU••t ......
~ nc..ncl0'u... u.ad by tho ••r11 lC?aatlc.tor- .t.o
Nl"'rU", tt.lr r.up .t""!.a. _. DCt o.....IoUat. In
194', tboo ..... rl..a SoeI.t1 tor 'rutl,. ""rlol'.
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4STIl 111"""1 IMolI 10 IppU••blo to thi, It.olo 10 .. roll.... ,
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Uno of .100 -U.. tvccUnn wbl.." 1a
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tl>~ uo..... or tho s·~ dl.,raa. Th••t,.. •• , S, II .~~
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octuall, 1M c.... ADDtho .. O".I..to,. of tb. o.-l.las end
10,,1°1 _11>04. or plotting 13 thn b1 11>& tile 1o", leah
tor I tb. porconu,. or ...,.Or 1. .he tor !:Io.I> ..n """
10"1" ..1.... or , II:!».
Fntlg". Propertl •• ot ••tll.
StIldl.. ot 11>0 rougll<l b.b..lor or h .. rou, ••tob ond
to .....".. ,1l0J' "n. b....."rrichnt In nWllb... to ~r-o.1t tho
uUbll.hr»nt ot • nwo!:><or- ot ull d.tl .... d ~th......M.t> .....
• h.....tnhU. of .,.hl. ~rnl."lI.l"ll ratll~1"ll ••Uon. On
tbo otho.. bond, f.tll~. ot~dlo....lot.d to oonc,..t moll
1n "","be.. Inj lin•• clrtole 01m11o ..H1.. "".. b..n ob ld
bet..." thl f.UI". b.uwlor of cOncrete Ind ..td., I _._
lodl. or tbe b.boY1o.. or tho l.tt.r II belpful In MOd..... t.Dd·
1", tbe "bed Or or "o"",..t••
n
































N1JNSER OF STRESS CYCLES,(N)
FIGl..R: 2. THE THREE TYPES OF S-N DIAGRAMS
"
In "onr ~a.o•• t~ ~~Yle,. et u~ ~tal 1. not tho
.......not!»,.. 110....,.. thH' 'r. 0 _I" C>f filter..
• "hl> oro ._n to .1' _hI>. 'l'1;l.. bul tu .... f
r.Up ~.n boo .....rl1.d troa tho un, .... t ""•• ...Yt•••~
II tollO'llI:
1. r. ......... .....11 on" t • ...--. .11..,. bo .. 0 d.:I-
~t. tltl£"- lu..1t. tl>lt h, tho :.J ~"-__ tor
tho....t.rl.1. bo~a.o. -roetle1llr ,rl&oc••l.
2. Il<>n ""nto,.""". CIIhl"UlI boYl no ~ot1nU.
t,Ur- 11.o;lt .'"~ u.. tn41_ .....""tll .... II.
roport.cl 10 to..., ot bcItll •••,.... _ " ..
_,. of ercl.. '''''lll''I~ .t tlo.n ........
~. rl••• Or ell.contl~'l•••1thor en tlo.. I~rt.e.
Or In tbe Intl:r1or et • phco ha.... dotrl_"..l
.rr.ct on tho ran;;o .. t u ......lI1ell "'r bo .Ub-
......J tor 0 sl ..n I1UIIIb.. r ot oy.l...
4. Sp..d ot t ..t1r~ ond to.o;pOrotu ... und.r no ...l
aOndltlo ... 110" lIttl., 1r an1 • • tt...t on tho
totlgu••tr'natll at notal. OI~.pt und.r .p•• l.1
.onell tlo.... IIIAh to"'p..... tll,.. So .... ot tho..
lpO.l.1 condlt\ono.
i. It a .0.1 10 ..."utdly ..r ....d Jlln bllo. H.
t.tl,u. 11o::1t (u~d.r.t ...allns). It ..y S.lo
.t..... tb. 1'hc~ d It 1 hlSllo,. u ...... 10.
hill'" Ut. 10 ,0", l1y lo"".r t!lan tho
r.t!IU. ur. or •• t ..,l" ph~. In1U.ll,
.t......od at tb. hl.,!>." In.l.
~. It. _tal 10 ...._o.dl' u ......., .too t ..
r'UllU. lIo>!t .bort; or rallu.. (o I""l,
It .Ul "HI_tel, fall .bo" teat'" at ••t .....
bol~. tM rau5"" It.lt.
7. .it. ,Iw." ratlgu. ur. tboo ..-nc. ~r at ..
...co....,. '0 prot-..t<:a ran ~.11, d.o ..
• a 'boo _.., .t I. Inc d •
...........1 .rro"ta M" b d. to o~ 1ate rlul""'
.t ... n,gtbl .Uh ot"-" p""pe"U.. or t1:oo _ter1.lo IH). l'bo
r.u.........""tb or r ......,..,. Mte10 ...I>J.ctod to c,,",plot.l,
..... " ..d at"..... to bo.t .0..... IoUd ,UI> oboo " ...11'
.t...""n.. TI1l. r.tl£"" U=ut 10 , ......11' abaut 50 po"",,,t
or tho uHl_te u",n, ,t"'''llth. RO'..I .. , tho rat~...,
UIOIt _, YO'" boh.." 40 Ind 60 po,.."nt or tho ultLsooU
••".11. '."'l\8th. IlIr<1l1O.. 10 IDOtho" pro""rt, .hloh ,""••
• r.l" ~o ..... lotto" .lth tho r,ull'" H .. t< .M" tM 8..1 ... U
and Noel<o.U M"dn..1 "welle"..... uud In tho OOllJlutoon.
P ".,,,tl~"d l1 ..lt, ,told poInt, d"~t1l1t,, 'nd tlOpeO'
... 1 or .rought r...""u. _tall .h.... wU'J poo...o lotlon
11th tho rnl,,,,, Halt. In'dUtlon, ....., poo .. U lotlOll
11 ohoom In tho 0... or DOnr."""... _odl••boo til. rot1s""
Ian ....1.. rro. 18 to 50 po""."t or tlla .. itt u ....n.
,t"'netll.
"
F.tlftll. Pr<> rt1o. ~ e"M .....
Inf...... I ..n pert.lnln,g to tho f.t1.~. pr<>pertlo. tf
00"""" eon II. dl ..l6.d loto r of eoU~orloo :>Yt ror
tho fI'OrpO." of thl.. tho.1o tho Inr u .... 10 ~ r,..d I"
t~ pOrt•• Tll. tlr.t pOrt pert.ln. t .. tho rUI,,, r ~lo:..
e" nd h 10 r.. r th.!. poort tt.t ","u!l.d l~""""tl....
1:.0 n obtU ..d, .1m. :1>0 U""," .... o....tI ....d t pI.ln
....""...... Tbo ..e....d poort I. e ....... rno<! '01Ul ttA f.Up
prcportl•• .. f relnr..~.d eOllO..t ••nd p...t ...I,.d ........ t ••
PIUn C..l:C ..
....: ..r thoo Inw.ltl&".I d .Uh tl>o flU ...
bohnl .. r ..f pIll" ..onoroU e ",".. to<l "~rl.1'J;I tl>o p.rl<>d
~ teoo to tP2l'. Utllourb too. proud""," ,'Irr.rd. 1_
.. r tho ",""Lt. f ...... ueh l"wutlg•• lon "'" Il~l.r. "r<>1>-
l1>lJ tho ..... t I";>crhot dloe..w.1'J ... tlllt till fltl,,,.
llOla .. r plain ..."" "PPO""''' t .. b. "PPl"OI1...lly !is
P''''''' • .. f the> ~ltl otitIc .trc"lItb Of tho c..neroh.
V." 0""..... (20) til. flrlt t .. Invllt1li"h .h. flU ..""
or e .. n..... " In e ...,p I .. n. ,.......... p.rfo"""d On 2-1 ...b
cub•• of nut portland c....nt It tl>o Ill' of rour '''''1, ~l>o
.,ltl.... ItN"l'th of tho .."bo d ,..s. ..." bJ Itotle
...to Inc! th." lalbr ou1> lu1>, hd t ...pocHlo por-
e.nt.". of tho ultl..t. Itrl~th, tho "'nc' ~Iln& fron ~
t .. tS po""n'. J. "In.l_ 101d .. f • po"""". of tho "IU....
It......th ." ... ln~o1.,.d 1M tho t,oU.,. ... Ooll""otld It ,
..to of four repotitlOIlI po~ :<.1 ... to. Yin 0",,_',
inu",...~.t1~n ~t .n .~H'-t1e I'l~~ or tho ".u ... thAt
tIM taUa'" aan r~~ "..t pO~l.Dd c._nt e"b.. li.. in
tl1a Y1clnltJ ~r " ~~.nt ~r the "ltl_u U U.. L."r
..n. I>~..y.~ n1 ~_ (l3) pl..tUd tIw d.ta
ee l ..,.rit""'le e ,.,I t Dd theJ een.l,,1.d tt.-t .1~"""1:'"
tba hsto not e h" OIIt t<> ....rrlol."t _,. er
eJel... tI s ." 1:>:1ie.tie" t!>at tl>. tU:lI"" H ...,a 1a
.b<-~t '" """.", ot tho ..lti=U uUlc st ..ngtl>.
In • Iatar ••ri.. et tasts. V.n O:"l'l>D fl!ll i .....tla...:1
eODel"Cta "'au In e..' .... i ..". 'l'he~. b'J' ~ b'J' 1l!·I""h
prlsa, .... • u ..4 In .,Ur t .. r t.e •••k, .nd ~""n ,tol"O<l ie
'Ir "ntll to.tlns. tostlng ••s 4ena .t ~he Ai.1 or ~
aon~h oDd e~ J ••r, Ullng I m1nl.,~ Ie." et ~ pO~••~"
• to 8 p*tltlo... et "Ir,," per ",1""~.. -'.n 0 reun"
~lIot I c"r... ror ..,<!v.I", er .1.. tlcI17 or lhe h und.,...
1011\& r.p.. t.d stra.. , ,ll.e••4 .r. Incr.... for tho ..cond
lo.dlna:, r .... during tho ~..t r.. lc.41"1:s to Ita
original •• 1 In4 IIlar.. 8rld~ll ,trol,h~·Hne ".e.....
durlns tlla srut..t I'0ellol> ..t lho to,~, uminolllli: Ir. •
d..."•• ,.., eU ....1 .. the rltlu point pl'ro'."od. TIlo..
~pO.ISl~n~ ebOlr••d .lIon l!lo 11_ ot bol~. tlMo
t.t1I;UI Halt had • _d~l". eu ..... th""-'6h Ih. tl,... t.o
.Iq.. d_Usr to th.. doserlb.d. The .... ttor.:t Ito~t •
co...~.nt .11.... Allhou£b he 4••crlb•• 11M _bope er tho
_,,1... c........ he 0 <1_. no~ ..r.U .... _ tIM lIOdul...
or .la_IIclt7." d.
Anotho .. ph.nOM""n <>b.. r ..d h1 V.n 0.......... ~... *
~nt •• t .1U.h •••urr-d !n .11 .~.Ia.~ d~ ..lnc tho f1r.t
t •• 10'dl",.. For tlo."" .~el_n. -bleb f1~111 Ul1.~.
tboo ~ ......nt ..t b........pe ... t1..1, _11 ""1'1"1 U..
elUl'<! .nd tOllrth Hace" Ioo,....OId 1_,... 0" plen."
tboo r.,"1e. of V... Or~·. e••t. on 10.-r1eba10 ooordl..e•• ;
.nd CO... lllcMd thin u..... 10 .-.. ooH..... ot • b ....t 10. ~
....... tor tl>o ena ' ••1' old ~... ~.h Ir·lo.t••• t.t:~
H.n ot M pe....nt ot til. lilt:.:....taU••• ,...... ~1
.lao conot_ .,,",t t""' .... h no IDd1c.t1 .... ot • r.!I~
lIA1t for .1>0 on. "'nlll old boo .
Cl_r I') .0""".'." n.n! un. on 15- b7 15- b7 ,.-
l lIh..... 11.1 t,2" 1/2 101%.n<! • l,~:~ .1%•• ca.nU-
1 1' utl.n 1eb ....~..." iC tl.... PO" a\lI\lt. 0 b
b Indllo.d b1 lo.":ng tho t ..... • "d. or tl\ol b ...
• ltb "'bba ..... U d .h.. h .et"ot." h1.n ..le. A d.n"a.
10.dl"8 pa ..lod " .." .ah tho 10'" b.l,,& 1 " .r....
ooeh 10."1,,& pa ..10d .....tli UUII ... oceu.....". eta.,.. on-
eluded, .J thot the totlg"o H ..H or tho .cn '1 to
,. ~rc.nt of tho ..o"ulu> ot ""ptu ... 00 ".ta~I d tr.1l .....
'ppl1•• tlon ot 10'''. hi tMt .... potHl.n• • t 10'''' .1>10b
p...."".." la.. thon tho e ..ltI •• l at......pP" ntlr I"" ......"
tl>e "".netb ot the ........ te. el that. at 1>0100" the
totlCU. 1I1l1t did not c.".. pe......nt deto Uon••nd "I
tloat to .. the .... perc.nle,. of ultl_U th•••0"-
.1",,,,,blo 1'.""'.01"" ... found I" tho .-bel' or ...petItlo...
"or load. _lUeb ..... .-.qui...., to c."" hilI".. ~o tboo 1:3:5
Illx .Ioon ••• tho u .. tor H,. 1:2:3 1/2 ",1".
t,..",," Itl ...ported 1n 1~1'3 On ••o~tln t1o" or tbo
...to aUr'_J b)' k. IIoH at """"'. Iin: H)'. lO:'1;I"
1H~. 4 II)' 4 b1 30 h.d oUd b,. ~1..1"'i .1>0 b.."",
"rrl&t~ d INdl'l1 t. bJ • bruloot rr••d t,., .,. _ ....
!\Ill 1 or .on "lllG "'",U _. aHUM at • ""'. r 1
0]'01.. POI' ~r.,,· •. n ... ~ to",," ~"""t tho r.tl,.._ :; H !,!-
t~ .,roto .. be...... tnt... a!"to .. - d.,. or "'''''IT'' .ppo d to
boo '"t " 40 Ind CC roo"""'· ar 'looo ult:_ •• n .......'". rOr
tM t r .'T'" ,..to, tbl Hili' ....pp....I_tol,. ~ to ~
"" nt ,( nil "Ul_to It ....n,;;th. and r r 'N III ",orrt!,
t U,. lIc.a .... ~4 to ~ po .....", or tho "HI_to
.t tt.. "'"ctbol" chorlH10n "";>ortod ... thl, ~.r
u""0I'&0lng • ( •• 1&"1"$ ou:,,, h&I~ In Ipp..ctobh 0•• ..,.
or 1'... n;;.11 "" ..1,,& • ""..lod <>r t. A tin ••• ~ ..ut
period OCCUrred .ho" tho bn"", flu ..,r.th. old, .n~ it
••• thnUf:h tt.t t~ .trongth .:. r,ot In........ tt"""ih no ....1
0il"i ~"r1"6 tM "ut ""rl.d.
r"cb.t ......po"tod b1 roc,.. .n. 1 ....". {l~l. """ro.....
tl.t. on 7- by 7- bJ DC·••ntl~tl" .ono,..t••oc~,,"•• l ••
• "".1....... :1>. tllto .......~••• ..,.d lah till d ..U. l'...~-
.rU r tho ••n..... to. :Tboo r .."H. rrobat 'btll rl1a-
f tho • ~.hl1.na IN.., b'J ~' ... 0"",,-. S""ol ,....
&o:n& rltl~....tl,n .... ~bJ•• t •• to •••l~ .t or
:lEI ro .....nt or till ,,It!,,.t••hU•• tN"Itt:. '!'U -.hIl"" .t'
"e1..thltf ot thou .pocl_n. ,,".ohod • cOn.tact ..lu. ot
.btut 71l porc.nt ot tho ... 1... ot "nhUI".d .peol_no U tho
.....t ..... hcoI"I!11\& to 1100,," .nd 1_... 1131. Y.n
Crmr', tllU .ho••d thot • _<luI". ot e111t1e\tf .. 1.. ot
tI pore.1It ot tho ...1... ot ""tlllp." .poel........loUd U
...~ .t .... 1 ot !>C pore.nt ot u.. "Hl..t••hUc
II"'lllth.
lapoot t.U.... UUI ..... po .... ot In In...IUlnloll on
1'10111 co n oolld"l>en" bf t'b<:q;lon {lDI. Four ....__ .....
tun" 11\& • tlltl"'l prel""'" ot ro blo•• POI' ""'cut. tor
3 110..... Inc! I t porlod ot 2l _ .... tho 0fe1o 1..
...p..t." conU o..df tor 30 elfl. ~ b,,,," :tTl "'fl
old It tho ltort ot tl1l- tuto. 'n<! tho tUII_ lla1t
Ippo....d to bI ~~ pore.1It ot tho ..ltl_to U"'''Itll •
••1-...1' ...0 .... 11 11.0 "'I"'rt.d bf 1100"" .neIl_."
(131. Inc! 11k. P,...bU. l:.tIIoel ... cono.,..,." w1tll tbo .1o.tle
p,...portlu ot til. conc..U. 'th. 7_ b:r 7* b:r 28-oonU Ur
.pecl n. Ihlt hi ..ud ......"bl'cu" to It....... t .
10 lIlllt 11I.1' II,... to In .. ppo .. lI ..a .hlch c.u..d hll-
..... , .nd lo.n uPPOr lImlt .~-1oh did not 01"" t.Il" ....
x."""l oonel"d.c1 troll h!. t ..u thlt tho d.t.~... tlon ot
tho htt l ". 11IUt or cone...U 15 ,,""...d ...b h.ttor b:r
the cbone" In tho .1opo ot Ihe ."rY' ot Il••tlc d.to""l-
Uo.... lnt-Iher .000:'lIlon "" tbn the tUII'" U""'t or
OOnc ... t. , ..bJ••t." to .t...... 1 troll •• ,... to • aa%~ ...1...
"hJ beU.." 41 In4 ~O p..•...nt or t~...H~..u nUh " .....
p....!y. I~r...th.
Addltl"",,) tut. n !'uN.... I1nh....lt, ,,''''''d I>J
1.111. end tI•• ton (1?) In 1~2'7. KorUr b IU "'''Juted
to '"0 t:r~. ot ......I'lJ: IJ .CI" a _"U,., and ........tad I>J
~_ ... lon In .IU,. re .. 200 11<- prior U, un ."", l>l ..."
4 _nt"- Ind hpt coatl""""_1:r tad. 'I'll... b-.. _ ...
'ken .1••1" In tl.~. t~r "roa I•• 101011 be
_rt ~ ..~ ••• e~d b7 ~.tbod ~•••bo.." • 11 4tl> or
88 pe nt or • 4.,. _rUr. In ebe u .. cr u.. hI' ....:,ood
I:r:' _._ -"-. tl>l U""...th n. ~ "'....nt .r eboo InMartl
""" ""'"".... Tbe raul"" Hid. or tboo RoOr't.r "....." I>J _t_
"." .OO to,,"," to b. 3':" Fo,..,.nt of Ita ItaUe "''''Illitb oDd 33
"".·cent or eM U .....th or tbot I ..!>d,,·ll <l1"J _1"1..... :'1>0
totlaue u.1t tor tboo ""..hI' C" ...." "J .IU•.,d """ 0PP"".C_
tho ulll" "t 4~ po ....". or HI oUtlc .......tll Ind "7 ""....
"Int or tl>l It ...... 11 cr tho .UMU'<I dl"]' _ ..tar •
• 1111.... l231 porro....." ........." 1M ...put." 10'd1,,&
tut. On 4- "oJ ~ 1/8- "oJ ~2 1/2-1noh OonoroU b.......<1•
..ah I\IIldiU. Th. b .......... tuU<I 1n In "p..lsht podtl.n
..Ith I"" bolt....nd nu<l .nd t,," "ppo .. Ind n."...<1 In •
laad11\ll b.... T,," b..",..........d. In po! ... t..- •• I ...t.
buob .nd ...... J..pt In the .,lot roo. t""", 24 Ioou....rur-
•••tl ... unlll t ••llnr. It ••• townd tbot b.I... on• .tIlton
.,.to. of l ..d ..poUthn, the I!<Ildtto bolllU 41d lOOt flU
1f tbo .t ......11 bolo. 40 .Dd &I po....,,! of tbo .UUo
"
_d"llle or ....pt\l ... ro~ rno....." ond rope.~." 1..."1....
....1'4'01;lu11.
':'11...rr or ope." or t ..tlne; on U.. tUI,... p""perU..
of phln con U ••• 1.......U,...." 1>1 hoh.. (leI u 'boo
tlnl dt,. or illl""!I. 111 ..... '-.1. t- bJ t- ...,. U-l""ll
bo or .... "ltt.rent dul,;" .........1lI (~~OO pOI oDd 4500
poll ...... tolUd In no=:-. by lC.~I.. at t~.. thIn! pOlou
CD .. 60-1 ....11 open. The ai.,:,::;". I ..." no keFt at lUi ,bon
...... poore,,"" of U....1= 10.<1. luU op".". nr~ "IC,
230, ond 440 ClO'•• per alkUtO. ~urlnc dO,.
_In ond eben I" ",..-1 rOCI:l H ....~ (or til _Mia Or
.o ~tl1 t •• llne;. 1••tlne; ... contlo~" to .. ".lEUa of
to 11110'1 o,.cl••, .n~ no .ptcl r .. llo" at I •••
• han 01'> perUM or lIMo rUtle st It .... oo""l"'d." ,blot
eM "_d of t ..tI~ II.. F....ctlc.llJ no "rfoct On tb•
...."h •.
n ,,It,, of ...oco"t tut. ot till Un1 ••nltJ or 1111'1<10
UrI ported by ~"r"ock ond hole ... {14). I, totol or 175
ploln conc,.O!~ '0...... 6 by 6 'oJ 64 lncn.. , of ewo condlt-
end.. ( ..t Ind d,.,.l Ind 0 dUlgn It,.cn,ll> Of 4600 pil w.,.o
tutod 1n r.Hi".' TI>o t ..Uns "PI.d .. ,.lod r...,. tOO to ttO
o,cl.. ,..,. .In"to .nd tl>o 10ldlns .,.... lI£....nt woo ,1>0 ..-
II lblll "".d In tnl p..."lo".ll ••nUonod tolll. Ae too
.-11UOD ... ,..Utlonl or ,t ...... tho f.U,,,,, ."""netl> woo
fo""d to b. 86, ?~. 63, ODd 61 ,.. 0. of tbe "Ill_to
.t......t1, to .. .-1nl_.. to _d_ It Uo. or 0.1~, O.~,
"
O.Z~. and O.l~ to 0.18 ~lpe~tly.17' ?boJ ,onol~!.d,
I) pliin .~no ... u nbJ.ctl" to "'1>4'".14 fl .......1 101411\&
.~h:blt. no tl'l,... 11.1t, It 1•••• thro~h '1' .tllion
oJ<>1.. , hI 1Iloo rol'"'u.J 1....4: ol:l1ch rldn ..... , te .., .«0-
uln to .. I t~fI.1t. 11_,. or ,..In.''' 81.11<1 r.u..... t-
o tUul po .....M.'. ot Ul. "lU_U thnlf'1l1
It ",,'b 1M eM' pe IIU•• 11 • ~UO. It tbe "'''1:" or
........ 0 .hieh '1:1, 1. IUb'.U'~' olld at et. ~H-
r .......... 1. ,,,,..loU,,., 1>04 "" It:.., ...n ot. ret leu' Mboo.-
lor.
'et _ny , 1 ••",,1 ..:10"> un t. " ....., ...,ardlne •••
roU,,," o( U .I .... On OUI,III or .boo n.ulu ¢t .n
tl>o p,.. .l~u.lJ 4 :'b04 In...Us.U......how. thot el>o
""tI",4, or Innatl,atlllli; tho ~robl_ ..dd Oo,,"I" ...bl,_
1,.0041"6 ......"'fW"".1 ...... or loadIng, oJ" 0..4 .1 .. or
lpoel_n, .n4 'So or 'pO.l"o" .... 0'117 I r •• of thl dHro ....
one.. ul.U"t! b.....n In••Hlt.U,,,,.. Th. rono.1nc n-
.rd ."U_M. oono.rnl1lll pr<>por~1.. or .on r1~.
,"".h or whu 'I'pooro In tlut lIt.... t"... ,
I. n. oorl1or 1".utlg'Uono Indl tlut~ ~ho ...
10 • d.rl"H• • ~ro" tho~ 10 .pp l_tol' SO
t. ~S po"".n~ or ~I>o nlU_to UUI•• t .....
~l.w whl.h .on.... ~•••n u"!'l"go rotlS"l~
••tI.n Indorlllltel, ••nc1 .bo., whlth ~ho n=ber
or .,.10. to r.:l" d tho .t ..
Inc........
Halt tl>ot 10 ~. t .. tl~ or hetlnc tc-.pI"U-
.10fl. tlull...... n~ t.n.l ..n) .n~ 'l'O.d ot te.t-
,,,.
3. h..-",.nt.et ""c~..........1"11: <"- ....11.1" 'UIII;"
or tbo tnlp' .cUo... It tbo ~_ n ......
Ie bolo. tloo tatl,"" 1:.1<. the pe t .et
....ocb "" _1"Ulns • Co".tet .. I .
::it bo•• <be Utl~... l:.lt c 1l1"OV'"'-
.1 •• d.tors&tloo.
•. ~a tho .ppll.d .t..... 1. bolow the t.tl~
I1.U. the _<!ulll~ at ol..U.l., .....t.. '''d
101"61>,03) IOU t\ll"tMI" In '_'1"1&1"1; tho I"O H. ot
th........ luutig.tlo"••"d 1>10 .0"01... 1.. " ...... q d
L 0""'1" ....petitl .. 10.d tb. _dulu. of .1..tloUl
.b.ngo. I" "1"1011' ••,. d.pe"dlnc upon tb.
Inhndt1 .. f 10.d. '!'h. no."t ..6I1h.. d ..
o1th "''''''6 lo.d; tho .lope ot tb••t •
.t .... l" Oil......, d II". the 10.... PO" ot
tbe oun••nd 1 1l~htll In tbo IIJ'pe ..
oo"-Ion to 1>0._ <Coone upo...".
2. Ali' ."d .ul"l", be•• d.cldu .tt•• t 00 tbe
r.tlCII' ot ... ~th. 1""""'l.....d, 'I.d '''~ .......6
........h 10 10.......loU..t to tet I_ tM"




,. ~.. t pulado .... to 'nc the .nl!"....... or
oonoroe••1tho~~ tl olt. or. '"<7 10101.
I"Ulp It,,-,,!'h d.er oHahUl .IU, t ..." ...
-.lUI .n<! Iolgher '0"" 1 ... tlOI (~.u Dot
ut''',lh) .
.... tile "Co ot' .t h d 4 tbe "r~r
u.a or tbe .t Cr.'IEU' n.' b
I , ' ,uI>aU"t~.11l'. !'t>.1. phoo_...... COn
I>e p r.tod bJ" the l"odlfh<l Qoo_o "'-Crt,..
0... Ye,.,. I_rUnt ...."It obut...1t lrJ In .'- ....11...
'''.... tlg••o 1. ~ 10Q&1" bell•••d to t. tru-. ~••
....Uu t" Up'ers _ ... o~ tboo !HUer 'boot tt.....~ot.d
• fut.... lI"H ro...0000e...... '"'" p....."t dl' O_"rt of
totllt'l" or c........ u I, thee til.... p~btlb11 10 DO••.",.
f.U .... lIalt, bl.:t ,..lhe.. lbot U.. :'·11 "" ........."ttl"" fr_
the lot tid dl'" *111 coolin... to elopo dOWCW'~. r~•• r
'l\UU boooo~:.... borltoDt.l.
In eddHI"n t, the In.ntlS_tlo,,. On rlu,,,, of pilin
cone...... ohle" ""0' bun _ntlonod In detoll, 'hera hou
b.." Invents_Ucn, Into t.., oth.r ....... or .qUel l_porUne.,
r.Ulu. ot nlnro....d CCn .....U .nd tl\c r.UI"e of p -
.tr....d conc... ~•. The f.UI". of r.lnto ed eon U .nd
the fotl",. of p ..... t ......d eone .... U ..... co d In ~ord""'.
to tbot foot1.... of oo........ te.
11••••':11. tho fooUgu. or lnfo.....d eone..U, Jo",~
.tot.. tbot tho... h • 00...101 101. D_d for .... I ..fo .... -
"
t.I1",.. ~r tbo otut or tho hH"..~ ~t \"- 'Cbe,...~.; tho
.cnc: ....t~ 1, '",.., ell' tdl I" tlu",.., 1 C.... I '.nH n. r
bon<!. .o,.,~ IIUI ....·UI" tutu... , 011.1." bot r,\UId ........
p....!". In ....." or u. :"...u,.nc.... , .no! lbo] I .. ~"ru4
1. Ken hn",..1 OJ" ... :n(o,,"" ............. ~ 10
t.n.... cf t"" ... ld'<»,<::"f; atul. 'rboo hU......
••_u ·0 l;~ co""..,!." .all ' ...........old.. o..c.(l
the r<>ulbh Kross .on••ot..-U n lod/o...",..._
lien co .......,UIf 1M......e.... a.... erln•• } In
10"l:U"'<II",,1 n:nton:_nt ....4 '. boo.. ""
• ...,.......... Ut-.11 or U • 7~ or l~' aUU. \I1tl-
UU It"'no;t1a to.. 1 ,.U11.11 0'01...
:'. erUolh... 10 polnU<l llult tbe ••"",..U
In tho .oap !on 10". lHIb I" .... 1-. U.. _
~ "' ••\1111 lead." .cap t ... ,ptcL.ono.
T 10 clrtllnll' _ ot t~.:.•••1"".
It 1. ""I t,.". tor natt, lOllO ."" or co......
tho .. 10 • ,t... l" ,N41ont tn U.. bl...Uab
do.. IIct nlat In .....pl....dell .poc~c.. 110
t.U~••CIOp.....!.n hUll......... ""lO" til I"J'
or tho b .... ,..porUd uee~t tho.. of L. C_UII.
:.. On C<lc..lon be.... fHhd In 41"0""1 1Ondoc.
r,u$u. bllt the r .. l c..u" or rdll1,.. ...
ob.c.U,..d b1 bond ."" .1>0... eOOlblnotion r.nll.....
Toou ho .. be.n r.po ..ted In ohlch b •••• hoY.
r.n.d In ..... r 10. ropo.ted 10.d. eo lao .. tot
or tho ultlaot••t .... n,;th. DOote h •• ,.,. .c.re.
On thi. pho...
4. lie.....e.""",lote ....1<111.1 <ton.etlon, undo ..
uton.l.. rOUguo lo.dln;; ll tho ...,. .. phin
coo.e,..10 .1'00.1.01'.1 but ,...0.0 ~_.hot !u ..llljI;
.... t pe ..lod••
T\lrn1,. to p,....t......d con....1O. lIordb1 .Ut.. tMt r~
tbe roupo .Undp<>lo.t, tho _t1",40 Dr roll 0.-
t1.U1 tl>o , .... ror eon..~t1oDOIl7 lnroro04 be It~
t~ .ddltloll Uiot ro .. p<>ot-uno1onoet 1>0 tl>o r.tla-
"(.11"... un b. In ~Iw o"o""... s ,,~ Iplh Ion I" ..tInt
Unto," In tb. tol~I'" of ""..t " con" 11 11uot, In
II,. ...r1r11\1 101" "C*. tho htlonl I" u I ... ~_n
N.t 1'-, .. ..,. .b t ._ Wgh _In n In 'oth 11>0 1..11
.nd tn. .o.......t.. I ..._r!ll,,& tho u ......" .""", ...t.
""",,It., U"'l>1 uuU"n. 1£llnn ...S : .. o"r co....;~.l.""
eo hd,. okt:ol.. , but 11011 <100 fall_I""
1. tn ....... or tho t'811 <114 eenr",,, toll ...,.
rUI!!'"_ 1100 ClIrr'eDO "''''''1...' u_ to
~1 ~~..t. PrQOI,,'lon In thl .
2. 'otiS". t"IIllu ... Dr H .....l'" d 1... :0<1_
.... 11>0 u"'. or III t"IIlh..·•• """"nld. '"'...
t.l1" .... .....;1 to ~ ""leu" U tl>o uUM o"d
......ay or tIM c,...c~•.
". &end t.I1" 0 and round on17
""".r """.".1 clJ'C ""... 1.•• , .bol't M_ •
• 11<>1"\ ob.... "PI'D.
'I. TIle "Itl_to ol nglbo Dr ...... t " ........ tor
IUtlc toodo ""ttoctod"'" peUtl •• lD.d~
In& It tb., did not r.ll ...,. tot1S"0'
a. Slrol1 r'ctorl .....d to bo opprozl..t.11 "t_o"
'lI.lnn htlllue t.nure for ..,et ot u.. b • .,..
t •• ted.
e. pre.tr....d bo.u ......d ollp<lrlor to OOnY.ntlon.l
b.... for rulet1,,<! fOtlgue 10.dl"f;. In hct,
In • reunt r.per, £cl<be"ll .M 'Ultller .""lrt·
1c.ny vorHled tht. by r.letf". tile _~ffl.d
Good,..n dleere,. of both the concrete on~ pre-
.t..... ll\& .tut to the tlleor.tlo.t .tr..... In
both trpo, ot be...
PI1l'I"".-: ~":': s:o~~
Tho purro" of tllla .tu"," .... to ..utlll.1I -n.t.,... 0..
not tboo ... h • "orl"H. Oht1,,~t:".. bn..." tOIl ..uhh"".
to hUlJu. of .1I..... t ... :".0 phi .. 00'10" ~o oM "",,_01,..
.ot.-.I".., pl.lo eo"• .-.t••
"nl~ t _ .. ""..fo=od on .pe.t•• ~. nf~ .... tJ ....
Of .<".Nt- 11 tJ'" b.lnc "osl,,,oo fn:- tboo 2ll-".J
c"pNuh•• t n;gn. ':'boo .". 0 '10"".00 ... 1 " ."!J
" ••• ld.r.t.l" o1r, .Ul. 'bo ~.tor c."<o:,,., lz:,to"uo~II'J
""'''':~.'' .: ~oll.so ",.lot.:"." n • conot.nt 1...1.
n .... s ~ Nl ... i ::.:'10110dlJ fr<"o. 0••11 h "uign .0
U..,~ t~ llHte ..:-htlo" :r. ""••,eo of tl>o .r-ol-
"'''" bo1na UUld ~r. rotlJ!l;U-. T!'A fU1lu. t ..t ""C~""" .
• hto" .. ,.,. .. llcUd f"",,,, ... ~ ...1., u" In htl,,..
.t .ulNl <'Hfe~r.t .tu.. lenh. Th t ..... tenh
..... ~O. V. 10, 8 ••ni 9'0 porcont of tllo ultl_tl .Utl•
.....p""... h •• t""nstl> or the rupootho al....
~, • 111 ~ ...r.."T9d t~ " tM r::: ""1... "" ..""nd , ~
""."totld ., ~" ~~ tun OD .PO'cl...... .. " ,~ •• &1:-
,,,.,..to_,, cor.e ...U ah. Tl:~. ~ • 111 ~ ".(n,..d , •• ,~
.- ....~... lell ..rl~. c ....s1.t.~ 0: .:•.• hUb.. -~
pol'1odtul:, ""rln t!>o ",~,... or t:,. InnHlc"; ;"
,e<>e,..l ... b-.. I> ,.hIded I ..<>"t t.''''l·th. CO"""" ••,n,,-
d4.... 3 i""be. 'n dl~t ... 01 & In"... In ':&Ilt.
An... Z8 dll' or curing u'4 3 to • d11' t n .. d1"JlllS
to <l1"J tr.. conc ...U .,,<1 """••n' fUrthe .. hl"..Uon. _10M
lpOciaoc.• t..- nch l><Otoi:1 ...... un." tor tl>ol .. ultl_U
IUtl" o,,"'P,..... : .. ""."0;.1>. ~ ......d. utt1MU ot"'''l;tb
c~ til U&ht .".. : ............." .. on Inl... u or til. ult!-
"").'e .t "CUI ,( the botch, ond .1>00 ot,.. huh .t ...weh
'M tltJ.~U. tut. ... ra perf"""." ..... b <1 -on thit utl...u
of tllo blot,1I .t"",ne;th. Following tbo ."••loUon of tlw
ht1p 'uto on lOch "otch, til....... 1,,1"<; epoc:_". 10 the
bltcb tuUd tor their "ltl_to otltt" .,."..... : ...
• t tb. 1M obJ.et of thu. loUr co_rro..!on UtU _.
to dn.""ln. !f .h.... ns In1 rurthor str.,,,th .dn In tbo
.on....t. d~rlr. tho tl.. t.t.n b1 tbe f.tiS" t.lt••
"'d~It1D... l tun porforuod in tll.1l Itud1 _ , 7-<101
.cap..... lOD tun, l1.... r t .......... d.t<...Il>lU Of tho lir
~
conUnh ot t •• or tbe bl'ebel, .n~ ...to to _ ..II.. d.f ....
etlon cl>o...Urlothl of tile 'w. typel ot .Om....U. :1> .
tun ..... dl.nl"-d \" d.tol1 In U,,,- uuto...
IUUrlo1o
'l'b- 0.1...0 .U...... t. (_t...:.l ~.l d ." the 'c. 4
dud ....d In .hto l"yutISUlo" ,....100. U.u._
r .... unt,...l I<>d\." •• 1'l>e .....re. (lobo"", • ..,. d..l~tlo"
57-25) II locI'o' In t~ St. alu.ll••• ro~tlon .hI 1. or
tho .'IOI..ll'l'1." A.'. '1'111. ~urlol 1a f: ...-1.,.. oDd
b.... 1_ po....101. ~"- '&~""Il'U .. obtol " r_ the
q""M'7 _t tile .peclflcotlans or the :>UU 11.1(_, ·A1po.rt·
_nt of In~lo... tor .hl ......ber~. It ... oboon rurtbe,.
o",'bood In <boo lebo... to..,. to .. sad.,. II.. of 1/~-lnob.
Tb8 ,.. ...lURi lIndnlon .M ..... rr.rl1col p,..,p.,,-t1u ot the
eOI"" ••l ~ In Tlbl. 1.
Tho rtu '&<1"'<1"10 ''''101'1.11 pal.lfl;l tho So. 4 Ilou)
I ... 10.11 uM obUln.d tro... rlYor to"r"" .,pooH
flll>oratOrY duilln.tloo 7~.1). Thl. _torlol ... tho OPlet-
n"UI"n. or til. State 1!lghwo, Dop"rt...nt or tndh"" ror
SradoUon 14 No.2. Tho 1'1>'01".1 p,..,,,,,rtl.. or thlo " .. n-
" ... to nnd ond th. C...dotloll <Iud In tMo oh'''' .... ohOW'll
tn "0b1~ 2.
,,"" 1 pOrtland ..."",nt _""r.n"rad I" ••nt ... t tMlono
ond frca ••:~t. ctlnker bot ..~ {1.bO or, ' ••I.notlon ~t$l
... "oad In bOth al~... S....~•• tho nt ... r~ ono
tot. It ......_d tllot H. cllo ...n.r1.t1.,. .Id ....t ...r,
Dr7 rofd_d un1~ ..l,~~ '4.3 Ibe./cu. ~ .
... 11< lpeclnc , 1\, t.M-
Iobul"l'tton •••••••••••••••••••••••••...••• O.~
G::oadltlo..
3h.. eln ""re"nt n ...r
•j, '00' '00
,j. '00' 00
>/. '00' "" . • ,
TAIlU 2
CIlA!\ACTElUSf'1CS 0' Y:l1E AOGIll'ZATI '1'9.1
8lllk .pea1f1c I .....ur .................•.... 2.61·
Ab."rpUotl ........•..........•...•........• 1.6~·
G...~.UOIl








o1&nlrl••nt1,. .n~ ~~... r ......11.&1.co1 ....1,..1. ba. n«t
lM.n In.lud.4.
Do...~••~~.~ .t tho -.1ur. n. u..~ •• t~ .lr ."t....ln-
1,. "a.rot rer .1 ...."· ...1...4 c.ne ... to.
Wh, Do'!in
n.. ••ne ... to l<11O' _ ... ~.o1ll"'" b:r tb. "/bo _U»4
ltl ••hIch I •••••"tl.11,. tIM ••_ •• tbo • ae.ond.4
, .....U •• tor !o1••Urc P:'op<>KI.... ror C u· p""lhb.~
bJ tho rlc.n C.". ... to I""U""U 071 tb mIlO.....
" ..1, 4 ror .Ialhr .t.....h.1l<! d_p.
l'rUI -.1........... u..4 to ••UbIhl> tb. N<lul ...4 ..u ...
c_n. utlo••n<l proporti ..... "r c........ 'n~ n ... '"..., .
",. trlol ..h ...10......... <1 to utobU.1I tbo roq"I 4 ""•
• r .Ir .nt ... lnJ.nc .,.nt In tho .... • t tho .1 ...."t ln.<I alo.-
TIl. n"n·d ....ntraln.<I ..Ix ... <1..1,""'4 r"r ••t"'Il;l~1I "t
4000 p.l .n<l ••1...p .r tllro. Incll... tboo ..1~ h.4 nt
t ••t.r .. r 4.4 ...b per .ubl. y.rd .r ••ncrot••Dd ...
c....nt ,...tl ••r O.~ b,. ••18M.
TIM dr·.nt ...ln.~ ",l~ ... <1..1&""<1 r.r •• t ...nglb .r
4000 p.l, ••h ..p.r lllro. In.II....n<! .n .Ir ••nt.nt .t
....n pe....n~. Tho ..I~ ~<I • cc.."t rutor or 4.0 .."k. per
cuMc y.rd or "o...... U .n4 ••ot.....c_nt ... tl0 "t ~.U by
·..l«IIt.
~ <llrt.ron«•• In tbo c...n. t.c~.r .n<! tbe •• t ..... c...nt
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I •r .. ..•.. • .. , ~ .. ; , .. • 1 .. •.. ..
".11.1 .... U InJ poulblo oonu.JnaUor, or tho (rub co"..... u
....... Inl~ In tM ''In,,, tl>o t ....." >en~ ... t. lIud r~ .. 'bo t •
...." ..."-nt.... ~1.o.~.d.
r-Vlrll !!l ~urlrT' or .i!'!<lur,
':"oolrt,·rh. l,llndrlul ..p.,,~n•• T 1... 10.. In ll..-Ur
IDd ~ I ... ".. Ie boo1sht, .e"", un ~...,~ nc' MUll In •••• I'd-
Inc. _HII. rI"OCI.tu ... \I"tiDOd:" J.::n: ;...lC""'Uoll,;l':.m.
en. _cInutlon It t~ IUneal'd ."",,'~'" _. ",couIUUd
b'l' tb. u'" r tlloo O!-lnol. dla:eUr _Ill, .", tt...... ,1>0
auhUt..Uen or • ~.·'-lr.ch ""'''''<l ...... tor tho IUMld ~/b­
I"ell rod.
C....I~ r ..u'..... " t11~ PTOc,""", op••lthd In un DellI-
""t1cn,Cl1.'1_~2":'. Fdlo.l~ e ..tlr~. tho oplol...........
......... to p.....nt n"poreu<n .r" .'re ,t",..." U roo-
tenpoo,..wre In tho 1<01". for 24 houMI. ""-' ...... t"An
re ..o••" tt'OlO the _1<1. Ind oto,..." tcr 27 ""J' In I nt",..tod
11... _.luHon ~...1"6' U"'i>OrU"... of (,7 r.
rrepnrotlon 2! Sp!a:~~n' !£2 ~•• tlnh
Tile .pool..-". fro" boot. th. IT. lerlu .nJ the f'~ ••d ..
..... p pered In ,,"~ntl.llJ tho ....... ...,c.n.... '1_ ..Inc..
dHte ncu ~l:ll.t Jld OCCUr re.ulUd t ..... ocJ>.dullOC Hrt!·
cultlo. 'nd tho udl.UHtJ ..: l'boret0'"l' llelp. ':'t.e•• ~It-
t ....ne ~. 01.... In t~. toll l~ t •• ~ .nd .....
•••..-d U ~ "" .thct on ~bo utt••
Dryl.,.
n..n the .peelH/U ...... 2EI ".,. old. t"", _YOd
1'..- tl'* ut"...Ud ll_ .ol"tlcn ."J I!r1ld 1" -n ..."
o••n .t • t.~ ... tu... nr .~proIlmet.l, zeo P u"tll nOllet."t
... llJlIt ••• obUI_d. 1)'""n ..._YOl 1'....." t"," 0 ••". tb••penl-
.."" ..... no..." Iln<l ... rooD eor.d1<le"," .....t~l t ..U'll' 'l't..
Pol .ped_1U u"," bpt In U .. 0""" ""' "'"' lo..... r tbo" tbo
Tl' .penl.o". onl, boo..... It ........ lIo"""1ont to ..-...
t_ on tile r"":'fob ".,.
C.ppl1lE;
tanb .petl..n _•• c.ppod Oil both .114. _lth ••ultur
t_"""",, .oon .n.r r-.>..I 1'...,,,, tbo 0""; 4B h""....rto ..
......... 1 ror tho I':l .i>Otlun••"d 24 h<n.....n.r .._ ••1 ror
tho rA .pecl.."o. The Uppl~ co-..""und (tred. n , Vltl'O-
bnnd) 10 ••~lt\lr .nd c.rbon -..IUu"," _blcb 10 U, po"red
.11." H. U"'i>O... t"... 1••pp""xl~Ul, :!'1~ 1". '1'110 ....ur.t-
turer'. dooerlptlon or tho o","pou"d Includ.. '1Ie rc11 ....l'\&,
.1 ton.U••t ..ong.h - ~W p.l. b) ..edul~. cr ""pt"re
1600 p.l, .nd cj oe.p..... lvo .t...ngtll _ GOOO p.l.
I. coppl"" dnlt••hlch 10 .bo In l'Jg\>"" ~ .... oopo-
ololl, d.oI~"'d I'<>r the ~-tncb dl tor cJlIod.r•• C.p
.bJtlr....... r.llSod tr'OOl opproI1_ul, VlS til J/a or .n
incb, d.i>O"dtnc on tho 0114 c,,""ltlolU or oo"n .,,",el.....
"
"!htJ' CO"'; .... 1I1on !:.!.!!!2l:. ~.t1"'.ttril ....!.!£!l St"'!lI!th
TY.ntl·r~"r btoura .fUr UPF1"C••1~t.l .p... l ..~......
• bo••n ot ..nd~ tro. the bat.h .~d to.t.d 1" C "';r•••lo..
tor ~1M1r ..lU..... U U"'ll,Jtl. '''-u HUto ''''"F''.:on
tut...... r@rto ....~ I" • Ill_hb 1'14 ,,,U"!C _cllJ. ...
....dlf1ed lrJ ~bo .ddHlon or • " ...b-_ hbl. '1''''' frl .
::1>.....hI ... b... u,,",c1tj or ~e.OOQ 11>1. Tl>e ""'1""" t:..d
....." or 'boP unt,., ..d>lce .......1 at ('.O~ ID.bo, p-:,
.Inu~••• _poelfle" In AZ!X ~sl~~lo~,:~g_i
r.u5PO !!.!!.!
!be "_1_"" 1'00 U.. rotlS"'" tub ...... oll<>.on ot
.....'d_ rN" tho ......In:''''' _1»<1_"- I" ..ob bUcb. ~boo d&ht
.p".I...... Un" rc~ d.t..1Il1n1ns.n uU,..U or 1M batob
.t... "Ctl> .....1". holl. " I.us!,. .eluted.
Tho leUlLuO hlh conduct." ••ben con,1t Hen. per-
..nUd, at the difteront .t..... 1...10. Th....tre..
Ino1. UN &C, eo, 70, 60, ."" 90 per••nt or the .IU.tod
uH..I ... u ot"'''lIth "r tho botch. A 10.1r.1.,...1..... or .pproxl-
..UIJ 70 p,ol lnUI.." ToS.rdl... ot tha ..,na"". ot
th. 1<Ulr.mo .t , 110 IH'rtl."lar .rd.r _.. obn " ,.Ioao
tuU"" tha .1'0'.1 U.. ~ pe,....nt lpedub t ...
bat.h", II... baan la.ted ft ..lt. _btl. to .. .....tbaT bat.b,
tt.. eo p*,.....,t Ipe.l_n ., ban bUn tuta" t1Tlt.
TIl. ~ ........ • t ut.bll.l>.l.bl! tba de.l ..." ..lt~ .nd
1E1ti_ lood••n tba tlt!C". tuU"C 1:1 ... ~..: d .........
• : ......bl. _r .t .,.1.. ; tba... t tb. lodl", lit 1>1
"r1r.t InurU"ll .......,. .poel .... In tM ..ohl..... n., tl»
10ldo ...... uUbll.bod. tbo •••hI". ... looppood .,,<1 tlloo
"'- .p.o.'''"" "lo".<1 I>J • tut _pool••.,. Up<>n
....n.~:"o; til "h1r,~. ~".. n7 1:"10 or .....d~~.t_nt ...
........ ,.,. U "bUI" tile <1..1<••<1 I"Od••
10 or-oHio dn•••,,11 be ot>tol ..c<f n ti" 90 po ....."t
.t...... 1 1 t tlMo FA uri.. h.oll•• til. tu••,..tao".
r.n." bor U 1;1_ end alclm. 101d. OO\lU bl ...rl-
tl" on t1>o lo.d· "rl~ .~por.t~. ! •• t dlt. It tho ~
po",,"nl .t leu: ..... '""""pleU fte t." Ilet. IPOC:-
_IU' too l) tor bo.1> u ..leo t......"u It <1.._ ""..... u-
u,., to ",,",phU tho t .... It tilt. le 1 """n til. th-•• t ••
'p"0I....1 .....d It tho 50 po""". l d I01t""UO<t ton 1111-
Hen 0,.01.. end .I.n•• opeet..n d n ti,. Il(I po, "o
Iud dtbotOOd tIn .11110'1 or "urlf to .. 0111110'1 .,.1 .
Te...HUon 0,.01..... ulec"d at OM hll1nrU"Il ot 11>0
,IUd, ., the ..~I.ua nu.bor or 0'.:" InJ opeol -0,,1<1 1>0
po,.,.Htod to .n<f\l.... O~II.r "laolng dot••1'. U ruua or
...ohln. ,~opp.,. ,IIU•• ~..t .... In p"Oll..... , end .ub..•
qu.nt lock of tJ..e to ...• ....m tt\e .....~I.ulor tnt On ......
..... I ..n.
In ".l'J 0"., • ~I"llin opocl_n , .. u,.d ~o obtain n..
Inro.-tlcn ~,,*t 10 r'ponod In thl, tllo,lo. It, t .. t ....
InUr""'ptod rOr o"J .....on. H ' .. oun.J ..... 1' q.ln dth
...... ,pnl_n.
'l'hoo r:ro"Ie-l'Ilnluo ?U11". heW".
!h. r:rO"••-l'Ilrd". O~I.l·la." t.tll"...e~:n. thol ...
"Ie" In tW••tu4J 10 .1>0.... I" 1'11"""' 4. It 10 t ,he 0"'-
.Unt d<lrleeUon typo .." ".r1... H. t~ ....~ hye..."u.
p,...." ... uUI\lI: on. 10". ~lot~n AI .... t11 .""...ote" to the
t •• t ~l ••• tb....~b • piston ro4.
~ 10." oppll.., by the ....h: ...all.tou ot t ....._p>_
Mm..: • p lo." 1ft<!. llUls.Uq 10.". ~ p ... looJ :.
"1 ....Uy p p>KI-.,.l t~ tl:. .......j!;. tllrt ~' 1.1 ~ ..
81l.U,,& bo n tbe '.0 .nds or the bytl al!1 .y1l"' .
• nd It I ••ant 11." by .utGEe't••lly cont~lllllC ••k.-"p
011 p ....."..... Th. _ ..unt by .hI.b the pullettflC lootl ur-
t •• o~. Ind bolo. the 1'''010.'' d.pondo 00 tho th at 0
U ..lobl.·U..........nlc that ••n bl .dJ"st.d boto 0 !c.l.l.
tho ••M.,. 1••""",U"Ol' Tlwo d.tl..Uon .ho U ..lIt: ..
ot n.••poel ". t~.o op•• lao .. hold tho lco" nd
tho phtc.. "''' .he Inn"eno. the "6nitudo ct t~. pul..tlflC
101d. 1"16" .... ~ Ie 0 .1",pllno" lin. "10...... ct tho "",,, ..."11.
010'•• ot tho ..ohlno.
Ho1dlnB tho .""01••,, In ph•• 10 • Io.e ..,..••hI.h
uundo thrOUf;h tho top h".J ot tho blno. TM. ICI"
.......,. bo o"J".U" fo .. the Nq"t " t.nl~ lpo•• ~1
~onl ot lblo _tc.. ~r:rl"C UUne ....t. 111:...
tho d•• I tI ."row ••ttIQl I ....I.ho"•••1..,1", nut 1.
eleo." .n tho 00 by ".r.. cr • ""d "U••1U..J.... T!:I1 •
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I • •, "• ni~ "••• •0 I• ••• •• -.• " ,.• ~~ .'Ip • •• ., ,• .. ., , ..\ • ..• ..0 --,;~~ , -,•.' I,• •• •0
t-"\•i 1 • ,• ;;•• ~•••• • o'• • o. Q~,. 0 • , ,.••
'-J,
tf ~he ~.I~lnc to~•.
Tb. 0l»rH:nc .~.d of tl><! tUI,;u. _oM, II 1000
Cf.l.. v.r :nuh.1I<I ~bfI ..chi .. 10....... :"""" _0 ~; ...
...~o1tf ot :. ~.OOO 1~.. ';'boo ......rlt~ • or tV .pplhd
10141 11 .... u d bJ ...". ot .e d~otr ttl. I,.t.. • U b t •
..tuohd bJ I 1 4 ull 'btl I •• pl"t ot '. h or .nd ~f
n.1 1..4 ....... ':1".11 --=:-tto", of thl .pp" ... ·uo a -., In
f1l"'"
~ 1.... " III ..,,01 ... of 1 ~_In ·~ ,H .....1 .,Hn-
do .. to wtl.1GIl I,. ."...!>oj t"",.. 'l"Jf'I J-5 ; ·'''.cl .t ... ~"
&OJ;'' (t ,.,l ..:'Or. , .. borl.~r·011 CCrc,,<'. I' 1 1'\>11
.-ldj;. 01 "1·.
:'of lcoJ dtlll!: 'JIU- ... ,..,. po,..t: "rl"" be
"U;", , ', OM ~f II":'o!I " •• ;n "0. d"rlr~' ,o.,;nc
ot tho •• rl.. Id 'he ,ther of llh.:"Il.. I" ",•• dUr;,,&
tl;o to.U", of 'h FA 0.,.101, Tho an" .,otlloo"'ht r
• alld'loln Ol ... ln indl••tor lbo.. output II. oto......d ~.
OIthodl_,..,}' 010111010011". The 00011101'011" .lrYld to d......
lIl1n. tho ulHlno. of .n tnltonhn...". blll"O. or til. b,.I:I&•
• 0,.,... pon~ll'lj; to th. IO&JlI"""" .. r to till lIl1ttl_ 10101. lo.dl
.:n tM••J.te., ,'o"H boo ",,"u,..,d tel:thln :. ~OO Ih. ':"bo
IICoM l,otO"-, IU.h :. on t"p,. ......nt "f tbe ::r.· t)'U.."
"~"""'" t 10ldo In ,Ill"'''' "nnll".' ..... '!10 t1~.:.
n .onolltl or 1 bl"1 .." t"",nel "n!t., 1.:ll'''I", •
1D'"·~:thl", Ir. In ".0:11"'0011". .. -r ,t.. Un "'.' !
tbo ....0.. .-, t • to ,':It' .. d. ou ..." ...01 ..
'<1et:.1o::. 1,)0 1 ••

•
'.toe1' .' ,,0· .:.......!.! f:....!: .,: t; , L;.;:. efT .t
1,1"".. ~"'rl.t1cn f t"" rU:L~' tutl, r" ,In
;.o.h~. the ......1·1''"' .~.~". In t,," bU.h ...... le" In
c_pr...lon tor 11>01" "U:"='to 01...",\1:, ~),. tun"" . ro-
C.JuN n. U.......... ,.,." tOr ut:.,.Ut\& 11:>0 " ~.I:.
n ...""tl>. ':1>* .s. "tr•• t 'uh ..... ' .....1:' pe"re.-d
'01.thlr." to. day" oft •. r.~ 'or':"" bad '.~~.Ud.
e..."..·tl.n .... ~he ,,:11>0,.1> r n... n u ..l ...h:.l..
10 .~·1t1... to boY.", olot'" ....d '. -.01 .Chl' .~ • __
phUe" or the CoUtu" tooh, "*~ riO. c· ...........,a.~
t ..~ u .~.- 'S. or us ~.J'" "'!>or ..corO: ... ,;,,0
thJ:rJ ~.tcl> ~t tbo '" urI... In tr.1. n .. tou..."..1»0.".
..... t •• tod u 'I "0 -'1' 171 <»1";.<0' .".c: ......
, ..to" 1.,.~:ot.17 .n... the foU"", ..n •.
::2..:::..:..!!-;,o,. ~.-~,.., •• :,.~ ,
wtw....... "".. lb1o, 7-Joy .UU p l ....u ........
po ..ron"" on lbr.. o!'to:.. "o froo", 1, bOO"!>. ~I:. purpou
or tbooo pre11"I"." "ato on to p..oJht tl>o 2tI-Joy
"nn,;tl" or the buchu. 1bo ruuHI )t thou UIU "ore
und" the bulo for d.eld11l6 if ad'HI, 001 bUot,.. 11:0,,1:1
l>o "'d••
.. 11 tlw .peel_no COr the I'roUa100l"l' u.te ....... "-nd
f ..... tlMt IIturoUJ 11... lol..Uon 4(. !;;3U,.. ~ ..l"r· tUti"..
:~., ...... tb#n clpped ~j l~dl.t.l, tQrnld to ttl ill.
• .,1>..Uon. Ttle ....t1"fi t.,110..4 tb 1'..... .., .
pre.l.....i, duorlbo4. 1bo It.tiC o..p lon tuto ....
..
r'~:O"""d In tho "0'" _nn.,.· ....ud In ..~I..tll\1 U..
bUel> .t"'''''t~ u ••pt In '!>h c••• tho "PM:_'" .... b>~t
~I.t until t •••od.
lli Cor' rot .!<t th ::~~... !,..• .,... roe 1,_
Tbe ,1.. oontont. of t~ b.'.~., FI7 oQd f~t .....
• ott_'od 'J 1... tllA Hllur .......... teeMI..... OIl '''''01-
....... of bt. d.0............ ... ..etl .. <""""'6b til- lo~
~I .... r.• :on .,r til. 0""01.." o,,! 'r~~ulJ ........l! 1... 1>
nol.it ......." ;'_ ..... ·...1 .~•• l .._. 110. t~ _Ie ~u••
of 11 •••11~n ....... tbon poU,bod I .. U".-do"". o\tll • pt<>.
ce<!\l ,..." bJ r. 'If. f ..... 1" Ill. -J. ~'~d1 ,.r 'be U,.....'u
C"" torlotlu of lionl.""" C.. nc .... u .. (fol •
... totol of 200 Ind of .non..... 100 In.''', On Mch
r••• , 110' Dh•• I ..." fro" 11 ..cUon. ~h 'CI ••1 10"6' of
t~'yor.. of 200 In.''', ... •"U...o" by "uro to, U,. c1n....
l'1 ...Uon of olr content to .ltM,,!. 0.5 pII~."t or tt._ t"""
vol". It fI' p....."t conHJone- Iud.
Il!h,...l"oUon of Dofo"",st:o" C~.r.chrIIUol
CO~Olrn .w.. whothlr Ir ""t thl ..d~lul It Illlt:OUl
ot tbl flUGul ~..t lpoo!,..,ns O,,",n,;I~ whill I ~llt "" In
rro' ...... proa,to~ In Innn:..IU-n ot tM ~ltO.-t1<>D obi,..
l.torllUol ot botb tIP" of OOnOrotl. 10 1:11&11 ,. bo~ob
llId I .lncll rio bltob ..... propo.roJ. "01. bltob prodllol".
Ir,.,.tI ......... to tor ~DI Z'l=b dl_tor .pool__ .ad ('r
.:. lpo.l.lnl 6 I~b.ol In dllaotlr br 12 !nchol In ~l~t.

..
~ ...,.nt or tho "t1""te~ boteh It ...""t~ .~.1 doocrlb<1d
.bon. Thfo t ••tl __ ""n. uud r~ .. 0, I' td tood
tootl ..... :I<utl k.;>fte.., l"'~""yll. "ct.1.. to-11'l1 I
UpaCa1 of 1:xl,OOO p>w><fl .I>:eb 11 din loutod 10 t ...
1t.,.ld. hltl,. LabO... tcl"1. fbo .... to of 10101"" It .<>.Iob.
tt. lute ...... __tid ••• I;PNn_tol1 10 pol poor
"'GO"~. 'fUr b.J.,. wubJ....d to tto. f1u ""d.....cb.
.711n~ .. n. ebo.. tooe.d II••"........1"0 In the 200, lb•
•••ttnt &••~no.
TM ......H. ot thl.o .t"-'1 'M tl» dlu~.. I'r.~ or u....
...."Ito bo.. 10.." ~~~I".d :"t, :b..... rO'l"to. 11» tlnt .~
~o """",",od .nll lbo ....1)'0" 0:- tl>o pbJ.lul ,..".. ... ~.. ~:­
tbo rhoU. c ,"......n' t~.. bol'de".,,, """..to ~.od I" :11l-0
",""",_,_"",-_, _'_I 'U
,,".....u tbot 10:11... 'I.'p' t" .. 01 .. '''"''''~'. S:~".
tllo ._ ,_"..t ~ rN~ ...d I~ b.telloo, I~. f"'''''''I..
ot tllo t IOh d":8nO d to b.... INUO 1'<_ t. ce ...... •
pl>ndln~ " f"'l*rtl ~h.. hl.1I 1I"""" ..tloo ••I~ .IlJ
.1 ... onUnt r" the ~l..tle eono nd .t"''1I5th at .h.
hor<l.n." eono to .t v I 'K" .. jI r.., ...
t.bIllot ... In 10bl•• 3 on~ 4.
A •••• Iotlo.l rl'Oo,~"", !moon .. tba -.".11.1. t 1-
ono." (I') 0" ...... to .. , ..t ..... fo...1o,,,I(1e",.t ..Itt "" ..
__11;1: tllo "'na. ':'bon ..01n,; .:>G .",1,.,. "I url.ne. _t1"'d.
U.. F_U.t 10 " ..d to d."ld. If 'I\"",.."t otrt...."" .. In tb.
e.G,,,...... lgnIN",n· 0 ...... :Ilo ",.,,1' of d .."".. 11>0
.... 11.10 10 10 " on .ho roet tl>ot ..... t •. "'no et ...b~
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h ""'d' lo ...... tho .....lonou within .. , ... , I" .... •
~""'p-r1 ... t"- -.~Iu~ ..1~,,1·~~" r ....., 'Il
th· t"-",..UUl 1·.. lu~ ( •••• to.. O""~ h.
~ hi' ..
: tro
n14."". ot .1~.1·I.o"t dl:, n~. 0.:::" .
~ t.'t t~~ .1~r1.'''"•• ' ~'h I" t •
or ....I.n•• I ..11~ nIJ 1, tbo O~" tt."... •
.... I1J dlot ..l~uhd "" ....I.t1·n~ to, ~.n•• ot ...Il
."""p I' tM"'" (h"""'~.n.'-u rlonco:. :n .. tl"o! ,_ ..
he_,.nollJ or "1'10"" .. , too "'Hh04. n ..~ ."'.lor 4:
~•••d on th. I dlot ..l~"t1on· ..o~ ,be ot,," .. hood .n ." •
• hl-aqu.... dlltr!~utl.n (olrtl.tt'. Toat),"
!!:2.!!./.1,.. ~rt ,.,1 .... " C.".roU
';'h. dn. t ... tho n• .,·ol:-."tro1.... d "Ix wbl. • .........
.,.rI ••d In TI~!I 3 ond ,I ••" 10 ,h.l,. .0t!""J In r.bl.o
l~ ,_",I: fiO', or:""""I,, a, .r"" .o,,·H...." nrn .Hh "'i"""
~, !'C' 1'0
1r, J'S. 24~
~o ho.ilO~.lIy f y",.lonc. &", ~~. n :. t<,.." f n"'octl.•
'i' .rr.ot, .11' o~,.~.nt, .n~ .1 ....1'.
1'1>, ::It'''!\f!~h. ':'be urell6tb ~.~. for "o~ hU~ or ""'"
al ......ut ... l ...~ o ......... te ..... ~..to~ 1>7 rtlolt'. T.. , • ...,
~be r·teu C<r t-,."rlt, cf Yar~ .. a. t1:l to.to lrd;-
....... !h. "·tut It... 'n F-:'OOUc> ,C ~."~ .Dd, U,":'OOf ... ,
til.. h,,,,,tbe'1e ttoo.t t-. ur1eoce ot ttA tHte.n v",l,~l
<!1otrlb\ot.d roJl'l10l1o". _re O/Ou.: t.aJ t b. "'~.ct.d e1f>Ce
til.. ,- U~ fOr t! "l..n ......,.. tit , r:~ ...~~""t1-
00"'" 1 1 or ne·I1eH pe"'.".t 10 .~1, n l.~.•·:.~
Cor H.h i-teot ..... oc..tllr.~ lr: -::"010 ::l~, ,f,PPftl"~" 10.
a.••ro, u. ~.rl,an<.&, •• b&~. 0.cur...4 L.r., a~-
U .... un be t ".t.....d Into. dH:,.,...-t fer- obl.1I t.",..
tour) a no.... 1 <I1otr1buUc•• i!<' r, in .111. 0....
neHh.r a h,.r1tht:.1o nor " &~u 1' ,,"fortetlon 1'.....
dUo.4 hoao,.n.ou, yarl.no••.
Th.o ~1••117, the reJoct1on ..C til.. Il1po.h..h thet tbe
ur1on ~u.1, .aka, .n on.l,.I" ot ur1en.. ~t tho
.~ ...O&th dO" .c....h.t lnyolv.d. H......r. " ... felt ,~,
"uoh .n 0""17.10 o~uU ~ or vel". .1..'. " • "" nrc .~dl.. :not rropertlu ., til.. ~.te " .~ uhteJ., t ... • ..7 • bulfl ... '1c" .nel,01 • " ... rlonc. n • ..~
r ....4 .. n the .tr'nct~ 4.to '7 t. u.~l t ••bnl4.... ':'be
.....ult • • t thi••".1,01 ,hewn 1n ~abl.~. ':'ba t,po cr
...017.10 of nr:"'•• ....d 11u '<;>oil ." .q,.... l "-'r .r
! J'''' ,p" "~• • • •• • • •• • , •, • •• • •, • •• • •
• .. .. ..• - -." • • •.. • •
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obur..U,,,,. 1"1" ..11 onJ ,IDee .u~b '" t t"- .
• <fluet_ne. hod to b. _d.. 'l'wo r u 11 l>looh ...
••ch l.ckt .... nne ........-nt. 'tb. "U'''' ........-M ..
opprol1..ted b7 ..olnr tho ""n of tho 'rl,I~1 ob••~.tloCi
101M h",_hu cell. 'thI. leUcn .......aoted e...<fJun-
_ot In lbe d.~ ot (r.."". lh1cb ..0 IccaoopH.bed bJ
.,."..... ,"ll !>J t , til.. d.g ot t .... ,_ or U... Or"" .
In Intl ..p,..:Ia. tho 11••~ 10 rlbl, ~. oo~lo. .
tlOD b.. t>oo... Itl.." to the tlet ebot Dill or tho ;>t1~
\IDd.rIJl~ tho ~lJ.l. or "rllneo II ~~ ~ Ione•••
S~_ ~t U.. COnl*iIMne.. of tl>JI .... dl.e d hr1, In Ho.
••ctlon '_rhl~ no....naI1.... t .... t""""" tllJ. ....__
tlnn II.. MIn olohte', H h ble to ..,'- tbot II>....
••• no 'I~nltlc.nt 1~ln~ of tb. cone !, ~rlQl tho perIOd
rolla..,,,.. lb. oun dryl"," .n~ lutlnJ; untH 11>0 rotl tun
hod beon oooololld tor tho ghon I>.toh. H du .
• 0"....10 to Ilote tl\.t there I. no ..Idenoe er tnureoUen.
~h.t 10, ~h. 'Ie .rreot .nd the beto" to b.toh erreot do not
oomb!". to .""duo, .n .dd.d .rreot not due ~o the ."" or tlot
eope... ~e .tr.ot•• Th.1rdly ••he '''''\y.1o 1n<lloetu ~""t the
b.~.b .t"''''I\tb n•• re not r,.". tlot ..... popuhtloll.
l 1'''8' Ol> d P_•• lu., .uel> .0 the on. obloll .ppo....
In T.bIe 5 r... u,. btotob ••rhUon, Ie ....U .........ed lrJ
••1"Ble "'n _bleb I. noe port or the po~l.tlon. l te.t
-." .. !lune.n'. P,..,.o:ture 161. obloh 1•• 'IRUlnU"".
too' ro .. 11...... un1. ....... '_"'1\ •..,. ...-be.. or _ ........
"UHu4 ..."t. 1M. UH c.n ~U.. t .hotlar .rr to' .....
.... • llnlr1c.nUr ~lrro,..,n~ ot It...hU04 .1...,.ir1u"".






Act".l dlrt.ronc. b.t••on t •••• t .nd n."t l .... t
....n. M;
rr.~ net lnol,,~.d b t
.100 h ....,. U....Un
"!1J: c~~Unt.t!l! •. 1\"". In yl •• r ~M r •• t 'l.~ the
d_1' ....." ......nl. .nd the .lr eoo,.n' "_n......
H.IUd 1~ n.• l .. "'I,.ltu~• .,,~. ' ...... ro ""', 1Ik.l,.
U b. "".-11,. dlot ..l""~.~, coleu)oUo" :Ir..ltod '0
n""lrw: the ",...n., , .tlr~rd J'nl., n'.'n tbe ••rr:-
d.n" 0: htl tl. " n, 001,,..,,,, 1I1 'r, :. , .....':'-
_,I r the p U .. _ ""_n.. ,,_rnolo..~
=. t. 'lw u ~ •••or .... ,.IHI ". .t,na'. 1>7
porc.n.., •• or tl .t.n.:.,. Joy: .: ". '. 1
f""r!n~ ,.<*b'r .. r ~.to""s
:l~p e
"I .. Contort 8
•
•
:...,..,.... In .< ... or tho p....e.~l"1 .n.l,.....n ..~-
Hon .,.d. thot tho o1thln-eoll ....I.nco. r ,~.. at ........tll
data ""....~.neou. "'.n ."e! _. "". the .... ......,.,.
I'Olnto l.' .n~ " .... b d or 'he .""l,..u ai.lell "'"" thl.
''''''''pHon .n~ U'o ..... to 'l><> ... I. tile q"ut1on or 1,0....H-
.1>le ...... ,II t." .t.te_M.. "e.oNlna:~' CoobNn (ll)
'b.r. 1.,. 11,. 1•• 10" ot .ttlelono, In tho ootl..t .. or
t ..........nt .ttaet. ond • los. or .en.ltt.a,. In t .... ot .l~-
.. Itseono••ll.n Ordlne..,. .""1,,,10 or va ..lon ttedo ....
" ••d'Dd tbt .... 10 1Io~.f'O~.n.tt,. or ...n ... p n~. co 1>N...
al. Ototol ."", 'be ,,"ll~lt~ ot t~.. -too, reO' an t ...t·
"ntt 11 pr_1l1J the l ...t orr.o~.", b,' .:n<.....
..
t u .. .,t 0 ..po ..h"n... , ~,owe '""" ...nO .. e.....,,," .' ~
,n , t·tuto f""" e pocl.d erro.. _, I:" e u ..:"... d:.-
tortlo., 0 U.•1,,,Hlu.,•• low.l. :t .e. f.lt· t
~.e".e -,r tM nU~ ... of '.; .~ ••_, ,.r!o...... '~e .teh-
'" .-, t." ....
.1...."'1'1 I,.h ~.h hod b<oen &ell. ~•.
1. -, .:,,,:,- 11 .... rl.rcu of t'- ""'1'If.th
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